Identification of physical parameters for soft objects is very important for surgical simulation, human modeling and food engineering. This paper presented a method to identify the physical parameters of uniform rheological deformation based on 1D FE model simulations. Firstly, the real parameters were given to the model and simulations were done. Then, simulation results were analyzed and identification method was proposed. Finally, the parameters were identified by using the proposed method which was validated by comparing the calculated value and real value of the parameters. 2D and 3D identification and experiments will be done utilizing CT or MRI device to evaluate our method in the future.
Introduction
Modeling and identification of physical parameters are two important aspects for soft object like biological tissues in surgical simulation, human modeling and food engineering. Modeling of soft objects has been intensively studied since late 80's and many methods had already been proposed to describe the deformation behavior of soft objects, such as: the mass-spring-damper (MSD) method [1] , the finite difference method (FDM) [2] , the boundary element method (BEM) [3] , and the finite element method (FEM) [4] . Now, modeling research mainly concentrate on how to reduce computational cost and keep the deformation precision at the same time [5, 6, 7, 8] . On the other hand, the identification of physical parameters as another important part for simulating deformable objects has not been fully developed and there are just few people worked on this field. In reference [9] , they extracted rheological parameters by using MSD model based on haptic vision. This method only can be applied to small and uniform deformation because they use single MSD model and only use displacements of nodal points on the top surface of object. Another method was proposed to identify physical parameters for elastic soft objects through measurement of inner deformation using ultrasonic, CT or MRI [10] . This method can be used in both uniform and non-uniform deformation to identify the parameters by using a known parameters object to push an unknown parameters one. The advantage of this method is we do not have to measure forces during the deformation and we only need to know the displacements of all the nodal points including inner points. So far, this method had already been validated by both simulations and experiments [11] . But this method only can be used in elastic deformation that has simple and linear relationship between force and displacement.
In this paper, a method is proposed to identify the physical parameters of uniform rheological deformation based on FE model simulation. In the next section, FE model and simulation results are given and some analyses are done. Then, identification method is proposed based on simulation analysis and identification results are presented in Section 3. In Section 4, we give a few conclusions and suggest future works. 
FE Model and Simulation

FE Model Description
Deformable soft objects can be roughly categorized into viscoelastic, viscoplastic, and rheological objects. However, there are very few ideal viscoelastic and viscoplastic deformation exist in the real world. Rheological object can be described by three-element model as shown in Fig. 1 , which is a serial connection of a Voigt model and a viscous element. So, rheological deformation have both viscoelastic and viscoplastic properties. There are three parameters in this model. Young's modulus E determines elastic deformation which is totally restored after removing external force; viscosity coefficient c 1 determines velocity of deformation and c 2 determines residual displacement at the end of deformation.
Finite element method, as the most successful numerical computation approach, had already been used widely to model soft objects. Until now, FE model is still the most accurate model for computing soft objects deformation. Generally, 1D FE model of a beam can be described as Fig. 2 , where u 1 through u k denote displacements of each nodal point described by P 1 through P k . We attach a three-element model between every two nodal points. In this paper, the FE model with five nodal points and four elements was used to describe 1D deformation. Deformation simulation was divided into three phases: draw phase, keep phase, and release phase. These three phases can be determined by two different time constants: t d and t k , as shown in Fig. 3 and 
where d is constant displacement of P 5 . t, t d and t k are simulation time, deformation time and keep time after deformation respectively.
Then, dynamic equations of 1D rheological deformation used in this paper can be described by a set of differential equations as follows:
where M is an inertia matrix. λ 1 and λ 2 are Lagrange multipliers and when t > t d + t k , λ 2 turn into zero and we do not have to include the fourth equation in Eq. (1) . ω denotes a predetermined angular frequency. Matrix J is connection matrix determined by geometric quantities alone and given as follows:
where A is cross-sectional area of the beam and h is constant interval between every two nodal points. Vector Ω is defined as follows to simplify expression of rheological force:
Simulation Results
We conducted two simulations with different time period t d and t k , called Short-time and Long-time simulations respectively. There is a little difference in simulation results shown in Fig. 3 to Fig. 6 . Parameters used in our simulations were given in Table 1 . In Short-time simulation, the rheological force still has some value at time 40 where we release the beam end as shown in Fig. 3 and the displacements restored a little after releasing the beam end as shown in Fig. 4 . On the contrary, there have no residual force and no restored displacements in Long-time simulation after releasing, as shown in Fig. 5 and Fig. 6 , because the displacements caused by elastic part turned into plastic displacement during keep phase. So, the longer the keep time t k is, the less the restored displacements happen. There must have some residual force as long as the elastic displacements exist at anytime during simulation. This behavior is useful to identify the parameters.
Parameter Identification Method
In this section, we describe how to identify parameters based on simulation results. At first, we take Long-time deformation as example to present the identification method because it is more suitable to perform in experiment. We also show the difference in Short-time case.
Identification for Long-time deformation
We must find at lest three equations to identify three unknown parameters E, c 1 and c 2 . We suppose that we already know geometric properties, the rheological force on one nodal point and the displacements of all nodal points which for example can be measured in experiments. The equations are given step-by-step as follows: a) Force approximation in draw phase (0< t <t d )
In three-element model, we have the relationship between stress σ and strain ε as follows: In draw phase, the velocity of strain ε is constant and acceleration is zero, so we can obtain rheological force by solving above differential equation and replacing σ by F 1 , and ε by Ju N .
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In addition, the displacement velocity of Voigt part at time t d can be obtained as follows by using Eqs. (2) and (4) and replacing σ by F 1 , ε by Ju N .
After substituting Eqs. (8) and (9) into Eq. (3), we have the third equation as follows:
Finally, we can identify unknown parameters by solving Eqs. (6), (7) and (10). Identification results and errors were shown in Table 2 .
Identification for Short-time deformation
There is a little difference in the third equation in Short-time case because there still have some elastic displacements exist in the end of keep phase. But, we can partly get the displacements of Voigt model at time t d by integrating F 2 (t) through t d to t d +t k .
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Another part of displacements of Voigt model is the restored displacements, shown as below:
We also can obtain the third equation by substituting Eqs. (9), (11) and (12) into Eq. (3).
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Finally, we also can identify the parameters by solving Eqs. (6), (7) and (13). Identification results and errors were shown in Table 3 . The results of rheological force approximations in both draw phase and keep phase are shown in Fig. 7 and Fig. 8 . Data needed in our identification method is summarized in Table 4 . 
Conclusions and Future Works
In this paper, we proposed a method to identify the physical parameters of uniform rheological deformation base on 1D FE model simulations. We discussed two deformation behaviors and presented identification method for both cases. Identification results show that our method is effective and errors are small. The Long-time deformation is more suitable to perform in experiments than Short-time one. There are three reasons. Firstly, it will take long time (more than 5 minutes) to obtain deformation image by using an MRI device. Secondly, the rheological force generated in Long-time deformation is smaller than Short-time deformation as shown in Fig. 3 and Fig. 5 , so it is easier to apply sensors to measure force. Finally, we do not have to measure the displacements of all nodal points at the end of keep phase in Long-time deformation as shown in Table 4 . But sometimes, we still can obtain the Short-time deformation even though we give some big value to t d and t k during experiments, because the deformation behaviors only depend on the parameters which we want to identify.
Future works include parameters identification for 2D and 3D uniform rheological deformation, performing experiments to validate our method, and parameters identification for non-uniform rheological deformation. 
